Conclusions While the severity of hypospadias and endocrinological abnormality at post-pubertal evaluation were factors affecting post-pubertal penile size, stretched penile length in patients with severe hypospadias was shorter even in cases without endocrinological abnormality. These results suggest that severe hypospadias is not only a disorder of urethral development, but also a disorder of penile development.
Introduction
Recent studies regarding the long-term outcome of hypospadias surgery have shown that smaller penile size was one of the main complaints in patients at puberty or later [1] [2] [3] [4] [5] . Despite the anxiety of patients regarding penile size as reported in questionnaires in previous studies, reports of actual post-pubertal penile size in hypospadias patients are limited. In most of the literature, the penile length of patients who had hypospadias surgery in childhood was compared depending on the severity of hypospadias [6, 7] . In those studies, it was revealed that the severity of hypospadias was a significant risk factor for smaller penile size.
Since hypospadias is a complex congenital anomaly, some maternal factors affecting the occurrence [8] or severity [9] of it were reported, which may have potential to affect the post-pubertal penile size. Surgical procedure [10] or physical growth [11] as well as congenital factors may also have some influence on the post-pubertal penile size. Accordingly, not only the severity of hypospadias but also various other factors could affect the post-pubertal penile size, including maternal factors such as low birth weight, surgical factors such as dorsal plication of the penis for correction of curvature, endocrinological factors such as abnormality of the pituitary-gonadal axis at puberty [12] , or factors regarding physical growth. In the present study, to clarify the factors affecting post-pubertal penile length, we retrospectively reviewed medical charts in order to evaluate actual post-pubertal penile length and factors affecting post-pubertal penile length in hypospadias patients.
Patients and methods
All patients with a history of hypospadias surgery at our institute or affiliated hospitals were recommended to be followed up for regular visit until post-pubertal period. Medical chart of patients who visited our clinic for regular follow-up after hypospadias surgery was retrospectively reviewed. Then, patients who were operated at our institute or affiliated hospitals between December 1986 and December 2002, who were categorized into Tanner stage 5, and whose stretched penile length (SPL) was evaluated at 15 years old or older from April 2008 to April 2015 were enrolled in the present study. Patients without information regarding the preoperative severity of hypospadias and/ or the surgical procedure at initial surgery, especially for the correction of chordee deformity, were excluded from this study. If multiple evaluations of SPL were carried out in one patient who was categorized into Tanner stage 5 at 15 years old or older, the final evaluation was used for the data in the present study. SPL was measured as reported by Wessells et al. [13] by a single examiner (KM). The severity of hypospadias was divided into mild and severe, based on Koyanagi's classification [14] . Briefly, when no or mild chordee deformity was identified after degloving, the cases were diagnosed as mild hypospadias. When transection of the urethral plate was required to correct moderate to severe chordee deformity which was confirmed after degloving, the cases were diagnosed as severe hypospadias. Endocrinological abnormality was defined as hypersecretion of luteinizing hormone and/or low serum testosterone at the evaluation of SPL. Factors affecting the post-pubertal SPL were estimated. Statistical analysis was performed using Mann-Whitney U test and univariate and multivariate linear regression models for the determination of independent factors. p < 0.05 was considered statistically significant.
Results
Thirty patients met the inclusion criteria. Patient characteristics are shown on Table 1 . Median birth weight was 2330 g (unknown in 3). Thirteen and 17 had mild and severe hypospadias, respectively. Surgical procedures for urethroplasty were onlay urethroplasty in 11 and tubularized incised plate urethroplasty in 2 for mild hypospadias, and Koyanagi procedure in 16 and tube island flap in 1 for severe hypospadias. Dorsal tunica albuginea plication was performed for the correction of chordee deformity in 1 with mild hypospadias and 4 with severe hypospadias. Unilateral and bilateral undescended testes were surgically managed in 4 and 1, respectively. The median number of surgery for hypospadias was 2. Median age at the evaluation of SPL was 17.2 years. Mean SPL was 111.1 mm among all patients. Endocrinological abnormality at the time of SPL measurement was identified in 5 patients (1 with mild hypospadias and 4 with severe hypospadias). Among them, hypogonadotropic hypogonadism, hypergonadotropic hypogonadism, and normogonadotropic hypogonadism were identified in 2, 1, and 2, respectively. Univariate analysis showed that the severity of hypospadias and endocrinological abnormality were significant factors for post-pubertal SPL. On multivariate analysis, both the severity of hypospadias and endocrinological abnormality were also significant factors for post-pubertal SPL. Birth weight, age at initial surgery, history of dorsal tunica albuginea plication at surgery, history of undescended testis, the number of surgery and age and height at evaluation did not affect post-pubertal SPL (Table 2) . SPL in 25 patients without endocrinological abnormality (mean 115.7 mm) was significantly longer than in those with endocrinological abnormality (88.0 mm) (p = 0.036) ( Table 3) . Among 25 patients without endocrinological abnormality, SPL in 13 with severe hypospadias (102.5 mm) was significantly shorter than that in 12 with mild hypospadias (129.9 mm) (p = 0.004) ( Table 4) .
Discussion
Previous questionnaire-based studies demonstrated that smaller penile size was one of the main complaints in patients at puberty or later [1] [2] [3] [4] [5] . However, as is commonly known as "small penis anxiety" [15] or "small penis syndrome" [16] , some men with no history of penile disease are distressed by the size of their penis, even when it is within the normal range. Men with a history of hypospadias surgery might be more sensitive regarding the appearance of their penis, which would have affected the outcome of the questionnaire-based studies. By measuring the actual penile size and evaluating the factors affecting penile size, we could shed light on new aspects of hypospadias in the long term from a different point of view.
Actual SPL was evaluated at our clinic by one examiner in the present study in order to avoid bias between examiners and the unreliability of SPL due to self-reporting. Only patients who were categorized into Tanner stage 5 at 15 years or older were included in the present study, based on the recommendation of Soydan et al. [17] that penile length be evaluated according to the pubertal stage because those within the same pubertal stage were similar. By limiting patients only to those in Tanner stage 5 and using one examiner to minimize the bias, actual post-pubertal penile size and factors affecting post-pubertal penile size could be evaluated quite precisely in the present study.
Our data demonstrated that the severity of hypospadias and endocrinological abnormality were significant factors affecting penile size. In cases with mild hypospadias without endocrinological abnormality, mean SPL was 129.9 mm, 
All patients
Mild hypospadias (n = 13) 128.6 ± 19.6 <0.001
Severe hypospadias (n = 17) 97.6 ± 20.2
Patients without endocrinological abnormality
Mild hypospadias (n = 12) 129.9 ± 19.9 0.004
Severe hypospadias (n = 13) 102.5 ± 19.2 which was almost the same as that of adult men without penile abnormality (mean 132.4 mm), as demonstrated by Veale et al. [11] . In addition, this finding is consistent with a previous report by Ortqvist et al. [7] . This finding suggests that penile development is not or minimally impaired in cases with mild hypospadias unless the pituitary-gonadal axis is maintained. In contrast, SPL in cases with severe hypospadias was significantly shorter than that with mild hypospadias, even in cases without endocrinological abnormality. Although Fievet et al. [18] demonstrated that penile length measured in childhood was comparable in boys with and without hypospadias regardless of the degree of hypospadias, the outcomes of several studies in which SPL was evaluated after puberty were consistent with our data [6, 7] . This suggests that penile development is impaired along with urethral development in cases with severe hypospadias. Since the cause of hypospadias is still obscure in the majority of cases [19] , the relationship between penile and urethral development in cases with hypospadias also remains unknown. Further studies are necessary to clarify the mechanism of impairment in penile development in patients with hypospadias. Although post-pubertal penile size in hypospadias patients has been evaluated in several studies, endocrinological abnormality has not been pointed out as a factor affecting post-pubertal penile size in those patients because no study has reported endocrinological status at the time of evaluation of penile size at puberty [6, 7, 20] . Accordingly, this is the first report demonstrating endocrinological abnormality at puberty as a significant factor affecting post-pubertal penile size. As reported previously, post-pubertal endocrinological abnormality in the pituitary-gonadal axis was identified in some patients with hypospadias irrespective of its severity [12] . It is well known that prepubertal androgen administration contributes to penile growth in patients with hypospadias [21, 22] . In cases with hypogonadism without hypospadias, penile growth was observed by hormone replacement therapy even in the post-pubertal period [23, 24] . On the basis of these reports, hormone replacement therapy might be beneficial for penile growth depending on the status of endocrinological abnormality in cases with hypospadias. While endocrinological abnormality was identified in five cases in our study, no patients received hormone replacement therapy because they did not desire it.
Dorsal tunica albuginea plication was not a significant factor affecting penile length in the present study. While some worried about penile shortening associated with dorsal tunica albuginea plication [25] [26] [27] , there has been no solid evidence that dorsal tunica albuginea plication performed in childhood significantly affected post-pubertal penile length or patients' satisfaction regarding cosmesis. Our study included a limited number of patients who had severe hypospadias or who required dorsal tunica albuginea plication. In addition, no patients in whom a ventral lengthening procedure was indicated were enrolled in the present study. There might not have been sufficient statistical power to detect the impact of dorsal tunica albuginea plication. To clarify its impact or that of a ventral lengthening procedure in childhood for the correction of chordee deformity regarding actual penile size or patients' satisfaction regarding cosmesis at puberty or later, a randomized study with a long-term follow-up should be performed.
There are several limitations to this study. First, while more than 200 patients were operated on in our institute or affiliated hospitals between December 1986 and December 2002, only 30 patients were included in the present study. Accordingly, our outcome might contain some referral bias. While we recommend regular visit until post-pubertal period to all patients after hypospadias surgery, many patients do not stay at the same place long after surgery and some patients or parents may refuse to visit hospital unless they have symptoms or are anxious. Long-term follow-up studies of hypospadias surgery are often difficult for all our efforts, especially which include physical examination and/ or blood sampling like the present study. Second, the statistical power was limited because of the limited number of patients enrolled in the present study. Thus, other significant factors affecting post-pubertal penile size might have been overlooked. Third, SPL was evaluated by one examiner to avoid bias between examiners. However, since SPL was obtained between April 2008 and August 2015, interexamination bias might not have been avoided.
In conclusion, while the severity of hypospadias and endocrinological abnormality at post-pubertal evaluation were factors affecting post-pubertal penile size, SPL in patients with severe hypospadias was shorter even in cases without endocrinological abnormality. This observation suggests that severe hypospadias would be not only a disorder of urethral development but also a disorder of penile development. In addition, the improvement in penile size might be achieved in some patients with endocrinological abnormality by correcting their endocrinological status.
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